The association between the blood pressure response to a change from the supine to the standing position and the 6-year incidence of hypertension was studied in a biethnic, middle-aged cohort of 6951 normotensive men and women free of coronary heart disease at baseline. Postural change in systolic blood pressure (SBP) was categorized into deciles, and the middle four deciles served as the referent (no change) group. In unadjusted analyses, the incidence of hypertension was higher among both those with SBP increases and decreases relative to those in the referent group. Associations were modestly attenuated after controlling for age, ethnicity, and gender and cardiovascular disease risk factors. However, after adjustment for baseline, seated SBP, a modest association with incident hypertension persisted only for SBP decreases. Orthostatic hypotension (upon standing) was associated with incident hypertension and isolated systolic hypertension and, unexpectedly, this increased risk was highest among those with the lowest levels of baseline, resting SBP.
Introduction
High blood reactivity in response to psychological and/or physical stress is a hypothesized risk factor for hypertension. 1, 2 However, prospective studies investigating the association between laboratoryinduced blood pressure reactivity and the subsequent development of hypertension have been inconclusive. [3] [4] [5] [6] [7] [8] To date, most studies have used laboratory stressors to elicit blood pressure reactivity, and have defined reactivity in terms of blood pressure increases. However, a naturally occurring physical stressor, the change from the supine to the standing position, is as likely to lead to blood pressure decreases. Population-based studies have reported that the distribution of change in systolic blood pressure (DSBP) is wide and normally distributed, with a mean near zero and with a substantial proportion of individuals having either SBP decreases or increases. [9] [10] [11] Limited data suggest that the overall distribution of SBP change remains similar (although slightly skewed in the direction of increase) when measured in individuals 2 weeks apart. 10 Both blood pressure increases and decreases in response to a change in posture have been associated cross-sectionally with higher blood pressure and a greater prevalence of hypertension. 9, 11 Only one population-based study of which we are aware reported on the association between postural change in blood pressure and the incidence of hypertension; in this study, SBP increases were associated with a higher incidence of hypertension. 12 Orthostatic hypotension (OH), or a large decrease in blood pressure in response to a change in posture, has been inconsistently associated with elevated blood pressure in cross-sectional studies. [13] [14] [15] [16] This study examined whether DSBP (increases and decreases) and OH were predictive of hypertension in a normotensive, bi-ethnic population-based sample of middle-aged men and women, followed over a period of approximately 6 years. As blood pressure reactivity is sometimes reported to be higher among those with higher levels of resting blood pressure, 17 we also tested the hypothesis that associations would be stronger among those with higher levels of baseline, seated blood pressure.
Materials and methods

Study population
Participants were from the baseline examination of the ARIC Study (1987) (1988) (1989) , designed to investigate the aetiology and natural history of atherosclerosis and its sequelae. Probability samples of men and women aged 45-64 years were selected from four US communities: Forsyth County, NC; Jackson, MS; the northwest suburbs of Minneapolis, MN; and Washington County, MD. African-Americans were oversampled in Forsyth County and sampled exclusively in Jackson. The investigators' Institutional Review Boards approved the ARIC Study, and all participants gave informed, written consent.
Response rates for the initial examination were 46% in Jackson and ranged from 65 to 67% in the other sites. A detailed account of the design and procedures 18 has been reported. The third examination (1993) (1994) (1995) , when incident hypertension was ascertained for the current study, occurred approximately 6 years later. Of baseline participants, 87% participated in this exam. Of the 15 792 baseline examinees, we excluded those with an ethnicity other than African-American or white (n ¼ 48), African-Americans in Minneapolis and Washington County (n ¼ 41), and those with prevalent (n ¼ 771) or unknown (n ¼ 345) coronary heart disease (CHD) status at baseline. Of the remaining participants, we excluded those with missing data for seated, baseline blood pressure (n ¼ 5) and those with missing data that precluded the computation of baseline postural change in blood pressure (n ¼ 2190). Most of these participants underwent their baseline examination during the first 6 months of the study, prior to the inclusion of the ultrasound segment of the exam. We also excluded participants who were hypertensive (n ¼ 4152) (SBPX140 mmHg or diastolic blood pressure (DBP)X90 mmHg or current use of antihypertensive) or of unknown hypertensive status (n ¼ 44) at baseline, as well as individuals who did not attend or had missing blood pressure data for the visit 3 examination (n ¼ 1245). The 6951 remaining participants were included in this study.
Measurement and classification of blood pressure response to a change in posture Supine and standing blood pressures were measured using a Dinamap 1846 SX oscillometric device, which has a high within-subject reliability and is comparable to Doppler ultrasound measurement. 19 Near the end of the ultrasound examination, after the participant rested for at least 20 min, a trained and certified ARIC sonographer provided instructions on changing positions. Multiple, automated supine blood measurements were taken for 2 min and occurred on average every 30 s. Participants were asked to stand and when their feet touched the ground, a standing measurement was taken. Measurements were repeated during the first 2 min after standing and occurred on average every 30 s.
Postural blood pressure change was defined as the difference between the average of the standing and the supine blood pressure measurements. The first standing measurement was excluded as blood pressure restablilization is still occurring during the first 30 s after standing. 20 Using established guidelines, 21 participants were classified by OH status (a decrease of at least 20 mmHg SBP or a decrease of at least 10 mmHg DBP).
Measurement of seated blood pressure and defining hypertension status
Three seated blood pressure measurements were taken on the right arm with a random-zero sphygmomanometer after the participant had been resting for at least 5 min. Blood pressure values were based on the average of the second and third measurements. Participants were considered hypertensive if at visit 3 they had an SBPX140 mmHg or a DBPX90 mmHg, or reported use of medications to treat hypertension during the previous 2 weeks. Participants were further classified by the presence/ absence of isolated systolic hypertension (ISH) using the recommendations of Sixth Report of the Joint National Committee on Prevention, Detection and Treatment of High Blood Pressure (JNC-VI) 22 (SBPX140 mmHg and DBPo90 mmHg, irrespective of antihypertension medication use).
Additional study variables
Diabetes was defined as nonfasting plasma glucose 411.1 mmol/l (200 mg/dl, hexokinase method), fasting glucose X7 mmol/l (4126 mg/dl), and/or a self-reported history of diabetes, and/or current pharmacological treatment of diabetes. Smoking status was categorized as former, current, and never smoker. Height and weight were measured using standardized protocols and body mass index (BMI) calculated in kg/m 2 . Education was classified as less than high school diploma, high school diploma or at least some college education. High-density lipoprotein (HDL) and low-density lipoprotein (LDL) cholesterol levels (mmol/l) were determined at the ARIC Central Lipid Laboratory using standardized methods 18 . Two noninvasive measures of preclinical atherosclerosis were included. The ankle-brachial index (ABI), a ratio of ankle to brachial SBP and a measure of peripheral artery disease, was dichotomized (o0.90,X0.90). Carotid artery intima-media thickness (IMT) was determined by B-mode ultrasound, the scanning and reading procedures of which have been described previously. 23 
Statistical methods
Participants were categorized into deciles of DSBP (based on the overall distribution). The middle four deciles were combined, and served as the referent group (DSBP of small magnitude or no change). Means and proportions were adjusted for age, gender, and ethnicity using general linear models. The Dunnett-Hsu test was used to adjust for multiple comparisons. Adjusted proportions were calculated using coefficients obtained from logistic regression analyses. The association between decile of blood pressure change and incidence of hypertension was assessed by multiple logistic regression. Analyses included an unadjusted model, a model that controlled for age, gender, and ethnicity, a model that additionally included cardiovascular disease risk factors and measures of atherosclerosis associated with DSBP, and a final model that additionally included baseline, seated SBP. Parallel analyses were conducted to examine the association between clinically defined OH and incident hypertension, and between OH and incident ISH.
An assessment of modification of the main effect by baseline, seated SBP was included to determine if associations were stronger among those with the highest levels of resting SBP. We additionally tested for statistical interaction with other covariates included in the final model (ethnicity, gender, BMI, IMT) using an a priori significance level of 0.10. 24 All analyses were conducted using the SAS statistical software. 25 
Results
Participants included in the current study averaged 53 years of age. Of these, 56% were women, 16% were African-American, and 42% had more than a high school education. At baseline, seated SBP averaged 113 mmHg and DBP averaged 70 mmHg. Figure 1 presents the distribution of DSBP. The average DSBP was close to 0 mmHg (+0.29 mmHg). However, a large proportion of participants had either large decreases or increases in SBP upon standing. Almost 3% of participants were classified as have OH. Table 1 presents levels of baseline sociodemographic and cardiovascular risk factors by decile of DSBP. Those with SBP decreases as well as those with SBP increases had significantly higher levels of baseline, seated SBP and DBP than those in the no SBP change group. Additionally, those with the greatest decreases and those with the greatest SBP increases had thicker carotid IMT than those in the referent group. Those with postural decreases were older, more likely to be African-American, were more likely to have less than a high school education, had higher LDL cholesterol, a greater prevalence of diabetes, and more likely to use betablockers. These risk factors were not associated with SBP increases. Those with SBP increases had higher BMI than those in the referent group, while those with SBP decreases did not have BMI values that significantly varied from those with no SBP change. Table 2 presents information on the percentage of participants who developed hypertension and ISH by visit 3, overall and by OH status. Of the participants, 3% had OH at baseline. Overall, 1257 (18%) participants developed hypertension by the third visit. The proportion was markedly higher among those with OH (N ¼ 57, 31%). Similarly, while 529 (8%) participants developed ISH, the proportion was two times greater among those with OH (N ¼ 30, 16%). Incidence estimates were modestly smaller after adjustment for age, ethnicity, and gender; however, the differences by OH status persisted. Given that the modest association of postural change with hypertension was limited to SBP decreases, additional models were run, which dichotomized participants based on OH status. Models predicting both hypertension and ISH were Modelling was done to assess for the presence of effect modification of the OH-incident hypertension and OH-ISH association by seated SBP as well as other covariates retained in the final model. A significant interaction was found only between OH and resting, seated SBP (beta coefficient (B) ¼ À0.04, Po0.05 for the model predicting incident hypertension and B ¼ À0.06, Po0.02 for the model predicting incident ISH). To better determine the nature of this interaction, odds ratios were calculated at various levels of seated SBP (90, 100, 110, 120 130) ( Table 5 ). There was a stepwise decrease in the magnitude of the OHincident hypertension and OH-ISH association as the level of baseline, seated SBP increased. For analyses predicting incident hypertension, odds ratios ranged from 4.77 (95% CI ¼ 3.7, 5.6) among those with an SBP of 90 mmHg to 1.08 (95% CI ¼ 0.6, 1.5) among those with an SBP of 130 mm Hg. For models predicting ISH, the magnitude of the association at the lowest SBP level was considerably greater (OR ¼ 9.4, 95% CI ¼ 8.2, 10.7 at an SBP of 90 mmHg); however, the association did not persist among those with higher levels of baseline SBP (OR ¼ 1.0, 95% CI ¼ 0.6, 1.5 for an SBP of 130 mmHg).
Discussion
In this middle-aged cohort of ARIC participants who were normotensive at baseline, both SBP decreases and SBP increases in response to a postural change from supine to standing were significantly associated with a modest increase in the 6-year incidence of hypertension. After statistical adjustment for baseline, resting (seated) SBP, a modest association with incident hypertension persisted only for SBP decrease. In an earlier cross-sectional study of baseline ARIC participants, SBP increases were associated with higher levels of seated SBP. 9 The lack of consistency between the cross-sectional and prospective findings suggests that SBP increase in response to a postural challenge is correlated with, but not a predictor of, subsequent hypertension, and that increased SBP reactivity may be an accompanying phenomenon. The strongest evidence in the literature to date linking blood pressure increases with subsequent hypertension has come from studies using mental stressors. 17 It is possible that physical stressors may activate different response mechanisms and exhibit a different association with incident hypertension.
In contrast, in both the cross-sectional 9 and the current study, SBP decreases were associated with hypertension even after adjustment for baseline, seated SBP. This lack of consistency in associations between SBP decreases and increases suggests that different physiological mechanisms may underlie the two responses.
Moderate, but significant associations were noted between OH and incident hypertension and between OH and incident ISH. However, baseline, seated SBP was a statistically significant effect modifier of this association. Specifically, there was a markedly increased relative risk of hypertension in relation to OH among those with the lowest baseline, seated SBP. The magnitude of this effect declined as the level of seated SBP increased, and OH was not predictive of future hypertensive status among those with highest baseline seated SBP. The direction of this association was contrary to our expectation of a potentially stronger association of OH with incident hypertension among those with the highest levels of baseline, seated SBP.
OH has been studied most extensively in the elderly and other high-risk populations (eg, users of some medications, diabetics), where it is more prevalent, and when symptomatic, it is associated with dizziness and falls. 26 Both decreased baroreceptor sensitivity and underlying structural changes in the vascular system (eg, atherosclerosis, arterial stiffening), as well as ageing per se, 27 have been hypothesized to underlie OH. However, to date, the aetiology of OH is not completely understood. That OH was a stronger predictor of hypertension and ISH among those with low normal blood pressure at baseline (4120 mmHg SBP) suggests that the aetiology of both OH and hypertension may differ among those with lower and higher levels of seated blood pressure. While in healthy, middleaged populations, low normal blood pressure levels are generally associated with more favourable cardiovascular profiles, it is possible that the cooccurrences of OH and lower blood pressure may reflect the underlying physiologic dysfunction that precedes hypertension.
This study has several strengths. Our estimates are based on a large, population-based bi-ethnic cohort of middle-aged men and women and, thus, substantially contributes to a literature that to date has drawn mostly from studies of elderly, while participants. Supine and standing blood pressure measurements were conducted using an automated oscillometric device (Dinamap).
There have been some concerns in the literature about the accuracy of this and other Dinamap devices (eg, O'Brien et al, 28 Rose et al, 29 Whincup et al 30 ) , although in a validation study conducted using techniques employed in the current study reliability was found to be high. 19 We attempted to limit measurement error by taking measurements in a standardized manner using trained and certified technicians. Also, since blood pressure fluctuations occur immediately upon standing, 20, 31 we eliminated from the analyses the first standing measurement, in an effort to limit the measures blood pressure response to those occurring after this transition period.
Postural blood pressure change data at baseline were not available for individuals who underwent their physical examination during the first 6 months of the study. Because the examination dates were assigned to the sampled individuals in a random manner, these missing observations are not likely to have introduced bias in our results.
Our measure of ISH, while based on suggested standards, 22 is limited, as it does not take into account the use of antihypertensive medications. This may have led to misclassification of some of those taking medications, as some participants with ISH may have been missed and some without ISH may have been classified as having the condition.
The ARIC Study was designed to be representative of the communities from which the samples were drawn. However, in ARIC, as in other studies, participants may have more favourable health and socioeconomic profiles than the populations from which they are sampled. This is of particular concern for African-Americans who had the lowest participation rates in the ARIC Study. 32 Participants in the current study were reportedly healthy and free of CHD at baseline, but we are not able to rule out that undetected morbidity may have been more common among those with OH and may have contributed to the strong association of OH with incident hypertension.
In summary, in the current study an increase in SBP upon standing was not a significant predictor of hypertension. OH, by contrast, was found to be predictive of both incident hypertension and ISH. However, OH was predictive of hypertension only among the subset of participants who were low normotensive at baseline. The number of persons in the current study with low normal SBP (o120 mmHg) who developed hypertension was relatively small (N ¼ 422), as was the subset of those who had OH at baseline (N ¼ 19). Thus, given that our findings are based on a limited number of events, and that, to our knowledge, similar findings have not previously been reported, a replication of this study in another cohort would be desirable. If confirmed, research aimed at identifying the underlying mechanism(s), which link OH to hypertension, would also be needed.
